Male and female Wistar rats 2 to 15 months of age were inoculated intranasally with sialodacryoadenitis (SDA) virus and killed at 8 to 2 1 days post-inoculation (PI). Submandibular glands were evaluated by light and electron microscopy, and levels of salivary gland epidermal growth factor (EGF) were quantitated by cytochemistry and competitive radioreceptor assay. Apical granules in the epithelial cells of the granular convoluted tubules (GCT) were selectively depleted during the acute and convalescent stages of the disease. In addition, levels of immunoreactive EGF were reduced in affected submandibular glands, especially at 8 to 14 days PI with SDA virus, but some evidence of EGF depletion was seen at up to 3 weeks PI. A corresponding transient depletion of EGF receptor reactive salivary EGF was seen between 1 and 3 weeks after experimental SDA infection. These studies suggest that a clinical (or subclinical) infection with SDA virus could have significant effects on experimental studies on EGF-dependent functions, including reproductive physiology and carcinogenesis.
In 1962, Cohen isolated a protein from mouse submandibular salivary glands which, when injected into newborn mice and rats, accelerated incisor eruption and eyelid ~p e n i n g .~ Referred to as epidermal growth factor (EGF), this protein is secreted primarily by the granular convoluted tubule (GCT) cells of the submandibular glands of mice and r a t~.~J~J~ EGF has also been demonstrated in minute quantities in various epithelial cells including renal tubules, Brunner's glands, and serous glands of the nasal cavity.6,20 EGF receptors have also been identified in a variety of tissues.6 EGF isolated from the mouse salivary glands is a polypeptide chain that chemically is closely related to EGF in rats and humans.2x22 This substance may be secreted directly by GCT cells into the circulation, but there is evidence that it is secreted into salivary gland collecting ducts, then reabsorbed in the gastrointestinal tract by receptor-mediated endocytosis. l 7 While it is secreted in an exocrine fashion,20 it has pleotrophic effects on many cell types much like endocrine polypeptide hormones. In mice, levels of salivary EGF are greater in males than in females,2 but in the rat, the amounts of EGF as determined by radioimmunoassay appear to be similar in the submandibular glands of both sexes.I0 Treatment with testosterone increased levels of EGF in submandibular salivary glands in both male and female rats.I0
The physiological role of salivary EGF in rodents is not fully understood but it clearly influences carcinogenesis and reproductive function in mice. The incidences of spontaneous mammary tumors in intact and sialoadenectomized virgin mice at 1 year were approximately 62% and 13%, respectively. l 5 In addition, sialoadenectomy in mammary tumor-bearing mice caused a rapid and sustained cessation of tumor growth, but subsequent treatment with EGF restored the previous rate of groWth.I5 Similarly, removal of the submandibular salivary glands in female mice prior to mating appeared to reduce milk production and mammary gland development during lactation.'* Sialoadenectomy in mature male mice reduced epididymal sperm counts by approximately 50%. Administration of EGF to these animals resulted in a return of epididymal sperm counts to n0rma1.~' In addition to speculation regarding the role played by EGF in carcinogenesis,26 there is evidence that the substance may enhance epidermal proliferation and wound healing.23 Sialodacryoadenitis (SDA) is a commonly occurring viral disease in the laboratory rat that is characterized by destructive sialoadenitis and dacryoadenitisL2J3J9 and transient disease of the lower respiratory tract. 30 Serological surveys indicate that the virus is relatively widespread in conventional colonies of non-barrier sustained rats.5 These studies were initiated in order to characterize sequential light microscopic and ultrastructural changes present in the granular convoluted tubules and to determine EGF levels in the submandibular salivary glands of rats infected with SDA virus.
Materials and Methods
Specific pathogen-free (SPF) male and female [Crl (WI)BR] Wistar rats 2 to 15 months of age, which were 8, 10, 12, 14 , and 21 days post-inoculation (PI) by the intraperitoneal administration of sodium pentobarbital (MTC Pharmaceuticals, Mississauga, Ontario). Blood samples were collected from inoculated and control rats under deep anesthesia prior to necropsy. Sera were stored at -70 C until tested €or antibody to SDA virus using the indirect immunofluorescence Tissues collected for routine histopathology and immunofluorescence microscopy included submandibular and parotid salivary glands, lacrimal glands, and lower respiratory tract. Tissues were fixed in 10% for-malin, embedded in paraffin, sectioned at 6 pm, and stained with hematoxylin and eosin (HE). Representative paraffinembedded sections were prepared and stained by indirect immunofluorescence microscopy for SDA viral antigen as previously de~cribed,~ using mouse ascitic fluid containing antibody to SDA virus19 and goat anti-mouse globulin labeled with fluorescein isothiocyanate (Antibodies Incorporated, Davis, CA). Selected submandibular gland samples were collected from inoculated and control rats at 6, 8, 10, 12, 14, and 21 days PI for ultrastructural studies. Minced tissues were fixed in 2% glutaraldehyde or Karnovsky's fixative, embedded in epon, sectioned with glass knives at 1 pm, and stained with toluidine blue for light microscopy. Selected blocks were sectioned using a diamond knife, stained with lead citrate and uranyl acetate, and examined in a Hitachi HS-9 or Jeol 1005 electron microscope.
Paraffin-embedded sections of submandibular salivary glands from the same series were trypsin-treated and stained using the peroxidase-antiperoxidase staining technique with primary rabbit anti-mouse epidermal growth factor (EGF) antibody (Collaborative Research, Bedford, MA) and appropriate reagents (DAKO Corporation, Santa Barbara, CA). In tissues collected for immunoassay, one submandibular gland was tested per rat. The other submandibular gland was processed for light microscopy. EGF was assayed by competitive binding with IZ5I-labeled mouse EGF for purified receptors on human A431 cells by commercially prepared assay kits (Biomedical Technologies Inc., Stoughton, MA). Salivary glands were homogenized at 4 C with a polytron tissue grinder at 20 volumes of 0.01 M phosphate buffered saline (PBS) at pH 7.4, and centrifuged at 12,000 x g for 20 minutes.14 Supernatant was frozen at -20 C until assayed. Results were expressed in means (+SEM) for the amount of EGF activity recovered from individual glands, or per mg of supernatant protein.
Results
Beginning at approximately 2 days post-inoculation (PI), most inoculated rats exhibited upper respiratory tract infection characterized by sniffling and sneezing. Unilateral or bilateral photophobia and blepharospasm were seen in some infected animals. Intermandibular swelling was a variable finding in some affected animals at 6 to 8 days PI. Non-inoculated control rats remained clinically normal throughout the duration of the study.
Pathology
At necropsy, 6 or 8 days PI, there was marked periglandular and interlobular edema of the submandibular salivary glands in many sialodacryoadenitis (SDA) virus-inoculated rats. No lesions were detected in control animals at necropsy.
Histopathology
Evaluation of the incidence and intensity of lesions in paraffin-embedded, HE-stained sections revealed a variation in the numbers of salivary and lacrimal glands affected. In submandibular glands examined in agematched groups, nine of 23 male and five of 25 female rats had identifiable lesions. Parotid gland lesions were present in 2 1 of 23 male and 23 of 25 inoculated female rats (Table 1 ). In epon-embedded sections of submandibular salivary glands from control rats stained with toluidine blue, the granular convoluted tubule (GCT) region was readily identifiable. Tubules were lined by columnar epithelial cells with basal nuclei. The apical regions were packed with densely stained circumscribed granules up to 2 pm in diameter (Fig. 1) . In affected salivary glands examined at 6 days PI, there was marked disruption and effacement of the normal architecture, fragmentation of cells, and extensive interstitial edema. Granules interpreted to be from cells of the GCT region were identifiable within scattered cells and cell debris in tubules and ducts (Fig. 2) . Changes seen in affected submandibular salivary glands at 8 days PI included irregular dilation of acinar and ductal structures, with a moderate to marked cellular infiltrate in the interstitial regions consisting primarily of lymphocytes and macrophages. Glands and ducts were lined by irregular, flattened, poorly differentiated epithelial cells, and hyperplasia of reactive epithelial cells was frequently seen (Fig. 3) . Flattening of epithe-lial cells and prominent intercellular fibrils seen in some regenerating ducts were consistent with squamous metaplasia. Granules normally associated with the GCT cells were not demonstrable at this stage of the disease (Fig. 3) . Leukocytes and cell debris were in scattered ducts and acini. In affected salivary glands examined at days 10, 12, or 14 PI, there was a reduction in numbers of identifiable infiltrating inflammatory cells beginning at 10 days PI. However, there was a relative increase in mononuclear cells and interstitial connective tissue, particularly at 12 and 14 days PI (Fig. 4) . Cellular regeneration and squamous metaplasia of ductal epithelium were prominent features during this period. Identifiable cytoplasmic granules seen in normal GCT epithelial cells were relatively sparse at this stage of the disease. Mast cells were frequently seen in interstitial regions during this period, particularly around regenerating ductal structures.
In submandibular glands examined at 3 weeks PI, acinar and ductal structures appeared normal. Typical granulated GCT epithelial cells were identifiable at this stage. However, focal residual ductal epithelial cell regeneration and a few undifferentiated ductal cells were still evident in some rats examined at 3 weeks PI (Fig.  5 ). Focal inflammatory cell infiltrates, when present, consisted primarily of lymphocytes, plasma cells, and collections of mast cells in the periductal regions.
Ultrastructural studies
In sections of control submandibular salivary glands examined, epithelial cells of the GCT regions had characteristic basally located vesicular nuclei, prominent mitochondria located primarily in the basal region of the cell, and distinct, circumscribed, electron-dense secretory granules up to 2 pm in diameter in the apical regions (Fig. 6 ). In submandibular salivary glands examined at 6 days PI, changes in the affected GCT cells had cytoplasmic vacuolation and irregularities in the contours of the tubular outlines. Debris of variable shape and electron density were frequently present in autophagic vacuoles within the cytoplasm of epithelial and myoepithelial cells. Degenerate cells, debris, and inflammatory cells were scattered in the interstitial regions. At 8 to 12 days PI, there was distortion and collapse of many acinar and ductal structures, and autophagic vacuoles and debris frequently were present in degenerate epithelial cells (Fig. 7) . There was also a marked thickening of basal lamina and an increase in collagenous tissue in the interstitial regions. Squamous metaplasia of epithelial cells lining regenerating ductal structures was frequently seen in glands examined at 8 to 12 days PI. These cells had nuclei with a relatively low content of heterochromatin, poorly delineated organelles, and distinct slender, elongated cytoplasmic processes (Fig. 8) . Connective tissue was a prominent 8 . Regenerating ductal epithelial cells in submandibular gland, 14 days PI. Many nuclei have irregular outlines and a scattering of nuclear chromatin, abundant cytoplasmic rough endoplasmic reticulum, and irregular, tortuous cytoplasmic processes. Cytoplasmic vacuoles (arrows) and electron-dense tight junctions adjacent to lumen of the duct. Bar = 1.66 pm. Inset: Higher magnification of cytoplasmic processes (microvilli). component in the interstitial regions at this stage. In submandibular glands examined at 10 to 14 days PI, there were residual inflammatory changes evident with concurrent cellular regeneration and differentiation and a marked mononuclear cell infiltration. Many mononuclear cells had abundant euchromatin, distended rough endoplasmic reticulum and fibrillar cytoplasmic processes, and were interpreted to be fibroblasts.
Immunoperoxidase staining and radioreactor assay for epidermal growth factor
Parah-embedded sections of control submandibular salivary gland stained for epidermal growth factor (EGF) had densely staining granules in the cytoplasm of epithelial cells lining the GCT regions. These were readily demonstrated in normal rats of all ages in the study. In some cells positive for EGF, there was absence of staining in the perinuclear region. However, cell detail frequently was obliterated by the EGF-positive granules (Fig. 9 ). Glands with lesions examined at 6 days PI had EGF positive granules in the cytoplasm of scattered GCT cells and within cell debris. Thus, at this stage in the disease there was usually not an appreciable reduction in immunoreactive EGF in damaged salivary glands. Affected salivary glands at 8, 10, or 14 days PI had a marked reduction in immunoreactive EGF-positive areas (Fig. 10 , Table 1 ). In most affected glands examined at this stage of the disease, EGF was not identified in duct epithelial cells, although control salivary glands were consistently positive. In salivary glands stained for EGF at 3 weeks PI, numbers of the positive areas were similar to those Fig. 9 . Normal submandibular salivary gland, female Wistar rat, approximately 2 months of age, stained with immunoperoxidase method to demonstrate epidermal growth factor (EGF). Densely staining EGF granules in epithelial cells lining GCT areas. Bar = 20 pm. Fig. 10 . Submandibular gland from SDA virus-infected rat, 8 days PI. Disruption of normal architecture and absence of positive areas in section stained to demonstrate EGF. Bar = 20 fim. seen in control non-affected submandibular glands. However, there frequently were foci of reduced staining intensity for EGF, indicating that depletion of EGF persisted for up to 3 or more weeks PI (Table 1) . Amounts of EGF (determined as EGF receptor binding ligands) in particulate-free homogenates of submandibular glands (determined by radioreceptor assay) were reduced by 10 days after infection (Table 2) . EGF levels remained lower than in controls for up to 21 days PI with SDA virus.
Virology studies
Immunojluorescence microscopy. In paraffinembedded sections of affected submandibular salivary glands, viral antigen was demonstrable by positive immunofluorescence at 6 days PI. Viral antigen was concentrated primarily in the ductal regions of these glands (Fig. 11) . Fluorescence was weak to absent in tissues examined at 8 days PI, and viral antigen was not demonstrated in affected glands examined at 10 or more days PI. Non-infected glands stained for immunoflu-orescence microscopy were consistently negative for vial antigen.
Serology. Using the indirect fluorescent antibody and enzyme-linked immunoabsorbent assay (ELISA) techniques, antibody to SDA virus was demonstrated as early as 8 days PI and was present in all inoculated rats sampled at 10 or more days PI with SDA virus. Preinoculation and control samples tested were negative for anti-SDA virus antibody throughout the study.
Discussion
The significant reductions in the levels of epidermal growth factor (EGF) in the submandibular salivary glands following exposure to sialodacryoadenitis (SDA) virus have numerous implications. In the mouse, EGF has been shown to play an important role in physiological functions such as spermat~genesis~~ and lactation.I8 In laboratory rats, epizootics of SDA have been shown to cause disorders of the estrous cycle and lower the littering rates. Impaired implantation of fertilized ova and early embryonic death are reported to occur.29 In another report, problems during parturition and decreased pup survival rates were seen during an epizootic of coronaviral infection in a breeding colony of rats.8 Thus, although the precise functions of EGF in the rat have not been determined, it is likely that this polypeptide performs similar functions to those demonstrated in the mouse.
The role of EGF in neoplastic transformation has been under study, particularly in the laboratory mouse. Removal of the submandibular glands has been shown to cause a marked reduction in the incidence of spontaneous mammary tumors in C3H/HeN mice, while EGF administration quickly restored the rate of tumor growth to normal 1e~els.I~ Similarly, EGF has been shown to have a significant effect on transplanted mammary tumors in nude mice. The success rate in transplanted tumors was 55% in control and 17% in sialoadenectomized mice. EGF administration enhanced tumor production.28 This polypeptide may also enhance chemical carcinogenesis.26 There is also evidence that EGF may affect viral transformation of cells in vitro. In one study, there was a four-to five-fold increase in colonies of adenovirus-infected rat embryo cells treated with EGF compared with non-treated cont r o l~.~ Other demonstrated effects of EGF include suppression of the immune response, probably through impairment of T cell function. 26 Our studies demonstrate a significant reduction of EGF levels in affected salivary glands for up to 3 weeks post-exposure to SDA virus. Thus, although epithelial regeneration in affected glands was near completion by 2 1 days post-inoculation (PI), residual reduction in EGF was still evident in a few animals. It is possible that an epizootic of SDA could have an effect on the results in long-term carcinogenicity experimentdassays, particularly if the disease occurred at a critical stage in the study. Furthermore, the fact that not all susceptible rats develop lesions in the submandibular glands following exposure to SDA virus suggests that the disease could contribute to the heterogeneity in response of animals under study. In our study, the incidence in demonstrable lesions in the submandibular salivary glands in inoculated male and female rats was approximately 39% and 25%, respectively. The significance of this finding has not been determined. Subclinical infections of SDA do occur,' thus emphasizing the importance of close surveillance, including routine serological surveys at the onset and termination of any carcinogenicity study. While the influence of SDA on carcinogenesis in this species will require further systematic evaluation, our studies suggest that infection with SDA virus could distort data in rats used for certain types of carcinogenicity/toxicology studies. In view of the possible effects of altered EGF levels on other functions such as reproductive perf~rmance~~J 8, 27 and the immune response,26 additional studies are warranted.
There have been detailed morphologic studies reported on the submandibular (submaxillary) salivary glands of the laboratory rat."J6 Five distinct components have been described including the granular convoluted tubule (GCT) component which is part of the widely branching tubular system within the gland. It is lined by columnar epithelial cells with basally located nuclei and distinct cytoplasmic granules. Sashima21 studied the age-related changes in the submandibular glands of male rats. The number of gran- 14 days post-inoculation 5 17.2 k 5.7** 0.78 k 0.24*** 2 1 days post-inoculation 5 33.6 k 18.0 1.18 f 0.43* * Measured as EGF-receptor binding ligands by competitive radioreceptor assay. Means significantly different from control by one-tailed Student's t-test are indicated by P 5 0.05 (*), P 5 0.25 (**), or P 5 0.005 (***).
ules present in epithelial cells of the GCT (granular ducts) increased up to 6 months of age, but there was a reduction in secretory granules in older animals.21 In our study, secretory granules and EGF were readily demonstrated in the GCT regions in Wistar rats of all ages, including those of 15 months. No attempt was made to quantitate the age-related changes. Unlike the sexually mature mouse, there appear to be no striking sex differences in the total area covered by the GCT in male and female rats." Regarding the apparent increase in connective tissue and mesenchymal cells present in the interstitial regions at 10 to 14 days PI, there was collapse of acinar and ductal structures in affected submandibular glands during this stage of the disease. Thus, the reduction in parenchymal volume and contraction of interstitial connective tissue could result in an apparent increase in collagenous tissue. However, there was evidence of increased fibrogenesis during the reparative stages of SDA. A variety of stimuli have been implicated in the process of fibrogenesis. For example, transforming growth factor-beta (TGF-beta) and EGF have been shown to stimulate connective tissue cell proliferation and collagen synthesis in a rat wound healing model.zs An inhibition of fibroblast proliferation may also occur under certain circumstances.' The role played by the periductal collections of mast cells seen in the reparative stages of the disease has not been determined.
